Abstract
Introduction
consists of a thin ferruginous nodular layer and a ferricrete cap (about 5-m thick), a thin 135 laterite (alloterite), yellow or fine saprolite (about 20-25 m) , and a coarse saprolite layer 15 m) that overlies highly weathered/fractured bedrock (Join et al., 2005; Sevin et al., 2012) .
137
Below, the bedrock is fresh (unweathered) and, from a hydraulic point of view not fractured 138 except near faults where some fractures may conduct low water flux deeper (Join et al., 2005) .
139
This weathering profile structure is similar to that observed over granite and schist (Wyns et 140 al., 1999; Dewandel et al., 2006; Lachassagne et al., 2011) , though the fissured zone is 141 thinner.
142
More than 30 electrical tomography profiles, each 1-km long, and about 600 exploration drill 143 holes in the studied zone have revealed the structure of the weathering profile as well as a 144 dense fault system with a dominant NW-SE-and minor N-S-direction, creating troughs and 145 ridges ( Fig. 3b ; Robineau et al., 2007) . The troughs correspond to graben or half-graben with 146 a thickening of the weathering profile layers. Fig. 3b shows the bedrock bottom and the fault 147 network (only available for the northern part). On surface, the main faulted structures are 148 outlined in the ferricrete morphology by elongate NW-SE aligned sinkholes. 
Hydrogeological setting

151
Much hydrogeological work has been carried out on the massif for estimating hydrodynamic 152 parameters, investigating groundwater flow, designing observation wells for groundwater 153 monitoring, spring-and stream-discharge measurements, etc. (e.g. AEP, 1996; Guzik, 1996; 154 MICA, 1999; Golder Associates, 2014) . On the plateau, the static water level is at a shallow 155 depth, typically less than 8 m and more or less following the topographic surface (Fig. 3c) . 
Water table and hydrodynamic data 170
Based on the hydrogeological database of the mine, a detailed water- (Fig. 3c ). These wells are not equipped (no casing, no screen) and drilled down to the bedrock 173 (typically they enter 3 to10 m into the unfractured bedrock). Consequently, the resulting 174 hydraulic head corresponds to an average value for the main coarse saprolite aquifer.
175
The map was established using standard geostatistical methods (variogram analysis and 176 kriging). The variogram (Fig. 3d) repeatability of the proposed method ( § 5); data were analysed with the same method.
185
Hydrodynamic data for the coarse saprolite layer (Fig. 3c) (Fig. 5a) ; otherwise it is controlled by 231 recharge (Fig. 5b ).
232
However, most parameters of Eq. 2 could not be defined precisely and we thus assumed the 233 following ranges for our study area: 100<R<400 mm/y, 500<L<1000 m (corresponding to the 234 minimum spacing between two streams up to the plateau width; Fig. 3a 
4-Results
252
The studied aquifer, with only minor vertical groundwater flow compared to horizontal flow,
253
conforms to the initially established hypotheses and allows testing the proposed methodology.
254
The variogram of reduced hydraulic-head data ( Fig. 7a) shows that the data are spatially well-255 structured and that kriging results in a relevant map (Fig. 7b ). An exponential model 256 combined with a small anisotropy ratio was also necessary to fit the experimental variogram 
267
Applying the method described above, the resulting empirical relationship between both 268 distributions of 1/slope and transmissivity shows a successful match between modelled and 269 observed distributions, with a linear regression coefficient (square form), R 2 , of 0.91 (Fig. 8 ).
270
The relation is: with an exaggerated slope. Further explanations for this negative constant are also given in the 282 discussion section.
283
The computed-transmissivity map (on a logarithmic scale and a grid with 20x20 m cells; 
289
In order to verify if the produced map conforms to field data, local LogT-computed values 290 from the map were compared to LogT data deduced from the 28 hydraulic tests (Fig. 9c) .
291
Note that no local transmissivity values from hydraulic tests were used for drawing the map.
292
The comparison shows that in 71% of cases, the computed LogT is estimated with an error 293 less than 20%, which corresponds to LogT±0.4 on average. And in 39% of cases, the 294 computed LogT is estimated with an error less than 10%, here corresponding to LogT±0.2 on 295 average. Therefore, the method produces reasonable estimates of transmissivity considering 
303
The hydraulic-conductivity map, on a logarithmic scale (LogK; grid with 20x20 m cells)
304
( Fig. 9d) , was based on the transmissivity map and on the thickness of the saturated aquifer this data set to compute a new LogT map (Fig. 10a) . This map shows a similar pattern to the 321 one established with May 2007 data (Fig. 9a) . The data are still spatially structured (Fig. 10b) , 
Repeatability and validation of the method
6-Discussion
334
We present an innovative method for estimating the spatial distribution of aquifer 335 transmissivity and hydraulic conductivity in crystalline aquifers. The approach builds upon 336 the author's earlier work (Dewandel et al., 2012) and considers here the case where there is no 337 pumped well in the area, but sufficient well-head data exist to produce a detailed water- 
358
The method also assumes that the water table is topography-controlled, which is the case at 359 aquifer scale, but locally it may be recharge controlled, thus introducing an additional bias.
360
To test the validity of our approach, we first verified that the produced LogT map conforms to 361 field data, which gave encouraging results (Fig. 9c) . Then, to verify if the method is 362 repeatable, we tested it on a second set of hydraulic-head data (Fig.10a ) that confirms the 363 previously established LogT map (Figs.11) and thus the proposed approach.
364
The computed LogT and LogK maps ( Fig. 9a, d ; Fig. 10a 
424
The method can be very useful for siting bore wells (e.g. for water supply), but also for dense observation network. Geostatistical tools are foreseen to achieve this issue.
439
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